Introduction
The sea surface temperature (SST) is an important factor governing energy fluxes between the atmosphere and oceans [Khalsa, 1983] . SST is also crucial in parameterizing these fluxes, which are the critical elements in models of air-sea interactions [Miller et al., 1992] . In order to gain insight into these processes on a global scale, it is vitally important to develop remote-sensing techniques along with reliable algorithms to determine SST under various sea surface conditions.
As improvements are made in oceanographic and atmospheric models, requirements become more stringent for the determination of SST. The present approach to the measurement of SST is to use the data of microwave brightness temperature, which is simply the apparent temperature of the water body at a given wavelength assuming a blackbody emission. True temperature can be derived from brightness temperature with a known emissivity of the seawater (see, for example, Reif[1965, pp. 381-382]). Considerable efforts have been devoted to the understanding of brightness temperature of the sea surface in the microwave regime; these efforts are concentrated on improving the estimates of dielectric constants of the seawater [Klein and Swift, 1977] and the understanding of sea surface roughness from passive measurements [Hollinger, 1971] , as well as the formulation of better inversion algorithms [Stogryn, 1967; Tang, 1974; Wilheit, 1979; Wentz, 1983 [Wu, 1990a] , whitecap coverage [Wu, 1979] , and sea surface slopes [Wu, 1990b] as functions of the wind speed. These parameterizations suggests that physical arguments of Tang, [1974] are basically correct. However, our calculations do not use free parameters but distributions of whitecap coverage and sea spray concentrations based on more appropriate experimental results.
General Approach
Brightness temperature can be defined via the sum of the radiation from the surface plus the reflected radiation from the sky [Tang, 1974] 
where T is the temperature of the water surface, T x is the sky temperature, E is the emissivity of the water (hence (l-E) is the reflectivity), and 0 is the nadir angle with respect to the mean water surface. Unfortunately, the determination of an emissivity as defined in (1) is not trivial.
In addition to the emitted radiation from the sea surface and the reflected sky radiation, there are also other components which contribute to the total observed brightness temperature which are enumerated by Tang [1974] . First of all, the sea surface is not smooth under most conditions. Since the emissivity of seawater is a function of nadir angle, the distribution of surface slopes must be accounted for in the calculation of emissivity. This result could also be extended to the calculation of the albedo via the integration of reflectivity over all wavelengths. Also, there are whitecaps and sea foam which have altogether different emissivities than the smooth seawater.
Furthermore, above the sea surface, there is a layer which includes sea spray droplets. As the reflected sky radiation and the emitted surface radiation pass through this layer, they are 5824 BARBER AND WU: SEA BRIGHTNESS TEMPERATURE attenuated. In general, there are also multiple reflection events; these contributions, however, will be ignored here since they should be negligibly small.
The general starting point for this calculation [Tang, 1974] assumes that we can write the measured brightness temperature in the presence of sea spray droplets, T•,d, as
T•,x is the brightness temperature of whitecaps (foam), W is the coverage of whitecaps, and *l is the transmission coefficient of the spray region. Note that for low wind conditions with the absence of spray (rl = 1) and whitecaps (W = 0), the brightness temperature is reduced to (1). Equation (2) should include all appreciable contributions to T•,. Any further contributions would be the result of multiply reflected components which should be negligibly small. For higher wind speeds it is necessary to consider contributions of whitecaps and spray. Including the effects of whitecaps follows directly from two results, the coverage as a function of the wind speed [Wu, 1979] and the emissivity of sea foam at various nadir angles [Stogryn, 1972] . 
Following Shifrin and Ionina
where Vs is the concentration of water due to spray droplets. In Tang 
where a i are constants that account for observations with no appreciable spray existing below 5-7 m s -1. In the above expression, droplet production is assumed to be roughly proportional to U1o, and whitecap coverage is roughly proportional to U12o . Additionally, Vs was forced to be zero for U1o -< 5 m s-1.
Otherwise, the parameters a 2 and a 3 were allowed to be free in order to best fit the experimental brightness measurements. Tang [Tang, 1974] and the current models. Figure 2a shows a comparison of (13) plus (14) with the parameterization (8) by Tang [1974] . Note that Wu's [1990a] model is based on measurements of sea spray, whereas the quadratic fit is from Tang [1974] and simply represents the optimized agreement. The reasonable comparison between the two at lower winds suggests that the physical arguments of Tang [1974] regarding the influence of sea spray are probably valid, even though the calculation using the spray concentration as a free parameter is not. The high wind divergence is due to the inclusion of the spume production rate.
In order to include the effects of whitecap coverage, we use the formulation by Wu [1979] for this parameter W, W ---2 X 10-6U•) 75, 
Conclusions
We have updated the approach of Tang [1974] in order to provide a more realistic algorithm for calculating SST from radiometry data. By using parameterizations of sea surface slope, whitecap coverage, and spray production, we are able to arrive at a reasonable prediction of the brightness temperature without fitting parameters. These parameterizations are all in terms of the wind velocity, a quantity which can be obtained from scatterometer data. Therefore a combination of radiometer brightness temperature data and scatterometer wind velocity data should provide suflScient input to derive SST by inverting the present type of wind-dependent correction approach. Using such a technique, it is possible that more accurately determined SST can be obtained with remote sensing.
